Aim: With the predicted demographic change, the treatment of geriatric patients will become a major issue for health systems worldwide. The majority of pelvic ring fractures occur in older adults, and their treatment might be associated with a distinct mortality. Herein, we analyzed the data of 5665 patients with pelvic ring fractures aged ≥60 years included in the German Pelvic Trauma Registry from 1991 to 2013.
Introduction
With a predicted twofold increase of the world's older adult population until 2030, the treatment of geriatric patients will become a major public health issue. 1, 2 Despite the fact that the majority of pelvic fractures (73%) occur in older patients, there is a substantial lack of studies examining this high-risk fracture entity. 3 Age has been identified as an independent risk factor for mortality after pelvic ring fractures. 4 The treatment of older patients represents a high challenge due to existing comorbidities, lack of physical fitness and mental diseases, such as dementia. [5] [6] [7] In the present study, we analyzed the mortality data of 5665 patients with pelvic ring fractures aged ≥60 years included in the German Pelvic Trauma Registry from 1991 to 2013. The data were analyzed to elucidate changes over the past two decades, hypothesizing that there was a substantial decrease in in-hospital mortality after pelvic ring fractures in older patients. In addition, the study was also carried out to detect the differences in mortality of older patients regarding sex, as well as conservative versus operative treatment and injury severity score (ISS). Data collection and analysis through the German Pelvic Trauma Registry has been approved by the ethics committee of the Saarland Physicians' Chamber.
Methods

Study group
We retrospectively analyzed the prospectively collected data of patients that were included in the German Pelvic Trauma Registry of the German Association of Trauma Surgery and the German Section of the Arbeitsgemeinschaft Osteosynthese (AO) International. The registry has collected the data of patients treated for acetabular and pelvic fractures since 1991. 8 All patients included in this registry underwent clinical and radiological examinations at the time of admission, and during the course of their hospital stay.
In the present study, we were able to include 5665 patients based on our inclusion and exclusion criteria. The eligibility criteria included age ≥60 years and pelvic ring fracture. Patients suffering from acetabular fractures were excluded.
Patients were stratified according to age into four different groups: group 1, aged 60-70 years; group 2, aged 71-80 years; group 3, aged 81-90 years; and group 4, aged >90 years. The registry is divided into four time-periods: t 1 = 1991-1993; t 2 = 1997-2000; t 3 = 2001-2008; and t 4 = 2009-2013. The number of patients included from t 1 was 474, from t 2 was 795, from t 3 was 1790 and from t 4 was 2606. The number of participating centers increased throughout the observation period without a relevant significant difference between the cohort of the centers that were involved throughout the complete study period and the supervening centers. 10 Fractures were classified by a trauma surgeon based on conventional radiographic images of the pelvis and, if available, on computed tomography scans.
Injury severity score
The injury severity score is an internationally used score to describe and evaluate patients with multiple trauma. The score ranges from 0 to 75, whereas a score of ≥16 is considered the "threshold" for severe trauma.
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Statistical analysis
Data were collected and processed using a secured Internet interface hosted by a professional service provider (MEMDoc1; Institute for Evaluative Research in Medicine, Bern, Switzerland).
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Descriptive analyses were carried out to show the demographic and clinical characteristics of the selected patients. To show significant differences between groups, the χ 2 -test or Fisher's exact test were carried out. To elucidate significant differences in ISS, Mann-Whitney U-tests were applied. All statistical analyses were carried out using SigmaPlot 13.0 software (Systat Software GmbH, Erkrath, Germany). A P-value <0.05 was considered to show significant differences.
Results
Mortality after pelvic ring fractures significantly decreased over the 22-year observation period. While in the t 1 time-period (1991-1993), 9.3% of patients with a pelvic ring fracture died, the mortality decreased substantially (P < 0.05) to 3.8% in the t 4 timeperiod (2009-2013; Fig. 1a ).
In the present study, 19% of all patients presented with an ISS ≥16. The median ISS was with 4 (interquartile range 4-8) in t1 and t2 lower than the median ISS in the later time periods, with an ISS of 9 in t3 (interquartile range 4-13) and 9 in t4 (interquartile range [4] [5] [6] [7] [8] [9] [10] [11] [12] , which is inverse to the reported in-hospital mortality.
Although the mortality of patients suffering from type A fractures significantly decreased (P < 0.05) during all later timeperiods when compared with t 1 , the mortality of patients suffering from type B and type C fractures was only significantly lower (P < 0.05) during t 3 (2001-2008) and t 4 (2009-2013) .
During all time-periods, the mortality of patients with type B and type C fractures was significantly higher (P < 0.05) compared with patients with type A fractures. Although the mortality was found to be significantly different (P < 0.05) between the three fracture entities, this difference became less substantial over the observation period (t 1 : mortality A fractures 5.0%, B fractures 23.1%, C fractures 45.5% vs t 4 : mortality A fractures 2.3%, B fractures 3.9%, C fractures 8.6%; Fig. 1b-d) .
The analysis of mortality in dependency of patient age showed that there was no significant difference between the different age groups. Except for the oldest age group (>90 years), where the mortality rate stayed stable over time (mean 3.7%), mortality for all other age groups decreased significantly.
The analysis of mortality in dependency of patient age and fracture type showed a significantly higher mortality rate after type C versus type A fracture (P < 0.05) during all time-periods and in all age groups. In type B and type C fractures, the mortality rate was found to be decreased (P < 0.05) during t 3 and t 4 compared with t 1 in the 60-90 years age groups. The mortality rate of patients suffering from type A fractures was stable over time, except for patients aged 81-90 years, where a significant decrease in mortality could be observed over all time-periods ( Fig. 2a-d ).
During the 22-year study period substantial differences in outcome after pelvic ring fractures between female and male patients could be noted. The mortality rate of female patients did not only decrease significantly (P < 0.05) over time, but was also significantly lower (P < 0.05) when compared with the mortality rate of male patients during all time periods except for t 1 (Fig. 3a) .
As far as sex differences in ISS are concerned, male patients had a significantly (P < 0.05) higher ISS in all time-periods compared with female patients.
In female patients with both type B and type C fractures, the mortality rate was significantly higher (P < 0.05) when compared with female patients with type A fractures. In contrast, in male patients, the mortality rate was increased (P < 0.05) only after type C fractures. There was a lower mortality rate in female compared with male patients with type A fractures, whereas there was no significant difference in mortality between females and males after type C fractures over the entire study period (Fig. 3b,c) .
The further stratification of male and female patients into the different age groups showed no significant difference in mortality between males and females with type A fractures. In contrast, during t 3 and t 4 , 71-90-year-old male patients with type B, but in particular with type C fractures showed a markedly higher mortality compared with the female patients with type B and type C fractures (type B fractures: t 3 , 81-90-year-old male 12.0% vs female 5.4%; t 4 , 71-80-year old male 9.3% vs female 2.9%, type C fractures: 81-90-year old male 35.0% vs female 7.3%).
The analysis of differences in mortality between operative and conservative treatment of pelvic ring fractures showed a significant reduction for both types of treatment over the 22-year observation period (Fig. 4a) . Nevertheless, during t 1 , the mortality rate after operative (26.9%) compared with conservative treatment (8.3%) differed markedly (P < 0.05). This difference decreased until t 4 , although it also remained statistically significant during this latest study period (6.9% vs 3.0%; Fig. 4a) .
The further stratification for type of fracture showed a significantly higher mortality rate (P < 0.05) of conservatively-treated type C versus type A fractures (Fig. 4c) . Nevertheless, the proportion of patients who died under conservative treatment significantly decreased over time for all three types of fractures (Fig. 4c) . In surgically-treated patients, differences between type C and A fractures could not be observed (Fig. 4b) . In addition, there was no significant difference in the rate of mortality for patients who underwent surgery for type A and type B fractures. In contrast, the mortality rate of patients with surgically treated type C fractures decreased over the study period from 35.7% to 6.9% (P < 0.05; Fig. 4b) .
Analysis of the outcome of patients after conservative treatment further revealed a significantly higher mortality rate (P < 0.05) in male versus female patients (mean 7.6% vs mean 3.7%). The mortality rate of conservatively-treated female patients significantly decreased over the 22-year study period (t 1 = 8.2% vs t 4 = 2.2%; P < 0.05), whereas the mortality rate of conservatively treated male patients did not significantly change over time (mean 7.6%). The analysis of patient age showed that the significant reduction in the mortality of female patients is mainly due to the reduction in the mortality rate of patients between aged 71 and 90 years ( Table 1) .
Analysis of the outcome of surgical treatment of pelvic ring fractures showed a significant reduction (P < 0.05) in mortality of female, but not male patients during the later time periods (t 3 and t 4 ). However, there was no significant sex-related difference in the mortality of patients being treated surgically for pelvic ring fractures (Table 1) .
Discussion
With the demographic change, the treatment and care of older patients becomes more and more important. Currently, there is a huge gap in medicinal research regarding older adults and the constantly increasing demand of medical solutions and resources for this very vulnerable age group. In particular, research on geriatric traumatology is currently not meeting the high demand. 15 Patients suffering from pelvic ring fractures have a lower quality of life when compared with population norms; hereby age has been recognized as an independent negative predictor influencing quality of life after pelvic ring fractures. 13 Because the research on pelvic ring fractures in older adults still remains a fairly underrepresented field in trauma research, we herein analyzed the data of 5665 patients aged ≥60 years included in the German Pelvic Trauma Registry.
In the present study, we were able to prove our hypothesis, that in-hospital mortality after pelvic ring fractures in geriatric patients has been substantially reduced over the 22-year observation period from 9.3% to 3.8%, representing a reduction of approximately 60%. Previous studies from the 1990s and the 2000s including patients of all ages without further stratification reported mortality rates after pelvic ring fractures of 5% 16 to >20%. [17] [18] [19] This is in the range of the 9.3% to 4.7% mortality rate during the 1990s and 2000s observed in the present study. This fact might be further explained by the rising incidence of insufficiency fractures, 20 which usually result from low energy trauma and hence have a lower mortality rate 21 than pelvic ring fractures resulting from high-energy trauma with possibly accompanying multiple injuries. This view is further supported by some detailed results of the present study. In fact, the mortality rate after pelvic ring fractures did not differ significantly between the age groups, as indicated by 3.7% for the oldest patients (>90 years) compared with 6.3% for the patients aged between 60 and 70 years.
Previous studies have shown a lower mortality of female compared with male patients after hip fracture, 22 severe traumatic brain injury 23 and burn trauma, 24 but also cardiovascular complications as a result of diabetes. 25 In the present study, we analyzed the effect of sex on the mortality of older patients after pelvic ring fractures for the first time. The lower mortality observed in females compared with males is in line with the results of previous studies on hip fractures, traumatic brain injury and burn trauma. The cause for the reduced mortality in females, however, still remains to be determined. The treatment of pelvic ring fractures depends on the type of fracture, as well as on the clinical condition of the patient. Unstable type C fractures, particularly in hemodynamically unstable patients, represent an absolute indication for surgery. In contrast, hemodynamically stable patients with stable or only partially unstable pelvic ring fractures might be treated conservatively. 26 In the present study of older patients with pelvic ring fractures, the mortality after surgical treatment was compared with that after conservative treatment. The mortality after surgical treatment of type C fractures did not differ from that after conservative treatment of those fractures. The mortality after surgical treatment of type A and type B fractures also did not differ from that after conservative treatment of these fractures, except for type B fractures in the latest study period, where the mortality of conservativelytreated patients (2.7%) was significantly lower than that of surgically-treated patients (7.9%). If possible, conservative treatment; that is, as early as possible mobilization under adequate pain medication and physiotherapeutic assistance, should be carried out. Only if pain persists despite medication and, due to this, Previous studies have shown a significantly lower rate of surgical treatment in female compared with male patients with pelvic ring fractures aged >60 years. 27 Analysis of the outcome of male and female patients after conservative treatment showed a significantly lower mortality rate in female compared with male patients. In contrast, after surgical treatment, the mortality rate did not differ between males and females. In addition, in female patients, the mortality after conservative treatment was significantly lower compared with that after operative treatment. In contrast, in males, the mortality rate did not differ between the surgically and the nonsurgically treated patient group. In fact, we cannot explain these major differences in clinical outcome between male and female patients. The discrepancies in mortality rate might partially be explained through the fact that male patients presented with a significantly higher ISS than female patients, although the median ISS significantly increased over the observation period, whereas the in-hospital mortality rate significantly decreased. Mortality after trauma is multifactorial, and can often not be attributed to a single factor. 4, 16 Hence, it is crucial to further identify specific risk factors in older patients in order to further reduce the mortality rate after treatment of pelvic ring fractures. There were some limitations to the present study that need to be mentioned. The participating study centers carried out data acquisition and fracture classifications themselves. The Tile classification used in the German Pelvic Trauma Registry has a moderate inter-and intra-observer reliability, potentially leading to an observer error. 28 The present study only included patients requiring hospitalization in one of the included German hospitals. The fact that the majority of these hospitals are tertiary hospitals potentially limits the external validity of the study. Another major limitation of registry studies can be the lack of data verification. 29 This limitation is not negligible, despite a multitude of measures applied in the registry to reduce it -a registry documentation guide, classification guidelines, validation rules for the entered data and regular registry user meetings. 30 In conclusion, the present study of older patients with pelvic ring fractures shows a significant reduction in the overall mortality rate over the 22-year observation period. Despite this reduction, mortality was higher in male compared with female patients. Future research should focus on the causes of this difference in mortality between male and females, but should also elucidate novel treatment strategies, which are particularly tailored for older patients. 
